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Objective: To compare the results of emergency open repair of acute (ruptured or symptomatic intact) abdominal aortic
aneurysms with that of endovascular repair.
Methods: A systematic literature search was performed to identify series that reported comparative outcomes. PubMed,
Embase, the randomized controlled trial (RCT) register, and all relevant major journals were searched independently by
two researchers. The outcome measures were 30-day mortality, intensive care unit (ICU) stay, hospital stay, blood loss,
and operative time.
Results: Twenty-three studies were identified. Of these, only one was a randomized controlled trial, which is now halted.
The total number of patients in the pooled data was 7040 (730 emergency endovascular aneurysm repair [eEVAR]).
Emergency EVAR was associated with a significant reduction in mortality (pooled odds ratio 0.624; 95% confidence
interval [CI] 0.518 to 0.752; P < .0001). The eEVAR group’s ICU stay was reduced by 4 days (pooled effect size estimate
0.70; 95% CI 1.05 to 0.35; P < .0001) and hospital stay with eEVAR was reduced by 8.6 days (pooled effect size
estimate 0.33; 95% CI 0.50 to 0.16; P  .0001). In addition, eEVAR was also associated with a significant reduction
in blood loss (pooled effect size estimate 1.88 liters; 95% CI 2.49 to 1.27; P < .0001) and reduced procedure time
(pooled effect size estimate 0.65; 95% CI 0.95 to 0.36; P < .0001).
Conclusion: This meta-analysis suggests benefits to the selected group of patients undergoing this minimally invasive
procedure. There is a reduction in the high mortality, prolonged intensive care requirement and total hospital stay, which
are historically associated with open repair. It also indicates that most patients are fit enough to undergo computerized
tomography (CT) scanning in acute settings. However, because of heterogeneity and bias in the outcomes these results
should be interpreted with caution. ( J Vasc Surg 2008;48:227-36.)Since the first successful elective open repair of an
infrarenal abdominal aortic aneurysm (AAA) in 1952, con-
tinuous advances have been made in operative technique
and critical care to reduce the intraoperative and postoper-
ative mortality and morbidity of these patients. In selected
series, the mortality rate for elective open repair of intact
aneurysms is less than 5%.1 However, once rupture has
occurred, overall mortality approaches 90%.2 The meta-
analysis undertaken by Bown et al3 has shown some reduc-
tion in mortality over the last 50 years but estimated
mortality rate in patients who reach hospital alive, remains
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doi:10.1016/j.jvs.2007.11.028as high as 48%, with multiorgan failure being the predom-
inant cause.4
However, since the inception of endovascular tech-
nique for treating abdominal aneurysms with an endovas-
cular approach by Parodi et al in 1991, we have seen the
evolution of this minimally invasive approach over the past
15 years, which results in a reduced surgical insult to the
patient and a reduction in operative mortality and morbid-
ity. This has prompted interest about its possible role in the
management of ruptured AAAs. Yusuf proved its feasibility
in a case report in 1994.5 However, its application encoun-
ters practical and logistical barriers. These include (1)
whether the patient will remain stable during the anatom-
ical imaging that is necessary prior to emergency endovas-
cular aneurysm repair (eEVAR), which is a prerequisite to
endovascular stenting; and (2) whether the hospital has the
appropriate services like interventional radiologists and vas-
cular surgeons available and an inventory of suitable en-
dografts that is accessible.
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this technique on mortality and morbidity. We present a
meta-analysis of the comparison between outcomes of
open and endovascular repair of acute abdominal aortic
aneurysms (EVAR).
METHODS
A systematic literature search of the related articles
published between January 1994 and May 2007 was car-
ried out using PubMed and Embase databases by two
independent researchers (US and PDH). The keywords
used for literature search included “aneurysms”, “abdomi-
nal aortic aneurysm”, ruptured aortic aneurysms”, “endo-
vascular repair”, and “open aneurysm repair”. Relevant
medical journals were also hand searched. Each relevant
article retrieved had its references searched for missed re-
ports.
The inclusion criteria were published comparative stud-
ies and randomized controlled trials (RCTs), in which
authors had compared outcomes of eEVAR with emer-
gency open repair of acute abdominal aortic aneurysms ie,
ruptured and symptomatic intact aneurysms. The outcome
Fig 1. Forest plot comparing pooled odds ratio (95% co
repair group. The results favoring eEVAR appear on the
open repair appear on the right side. The pooled ratio is d
(Van Sambeek study was automatically excluded from an
group, and the resultant odds ratio hence ranges from 0measures that we looked at were: 30-day mortality, inten-sive care unit (ICU)/high dependency unit (HDU) stay,
total hospital stay, blood loss, and total operative duration.
Case reports and noncomparative studies were excluded.
The authors of included studies were also contacted where
possible to extract related unpublished data.
Statistical methods. StatsDirect (Version 2.6.2) soft-
ware was used for statistical meta-analysis. One of the
authors (SW) abstracted the pooled data into a computer-
ized spreadsheet for analysis. For categorical outcomes,
pooled odds ratios were calculated using a random effects
model as described by Der Simonian and Laird.6 For con-
tinuous outcomes, pooled effect size estimates were calcu-
lated. Heterogeneity was tested using Cochran Q test; a
null hypothesis test in which a significant result indicates
that significant heterogeneity exists. Bias was assessed by
visual inspection of funnel plots and quantified by the
Egger test. Though these tests indicate and quantify heter-
ogeneity and bias, the causative factors cannot be identified
by them, which require meta-regression. This was not done
in this analysis because of the limited information provided
by different studies. All P values are two-sided and the 5%
nce interval) of the mortality between eEVAR and open
ide of the solid central midline while odds ratio favoring
strated at the bottom with a bold line within a diamond.
by StatsDirect software, there was no mortality in either
finity).nfide
left s
emon
alysislevel was considered significant.
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In all, 23 studies were identified7-29 using the above
mentioned search strategy, with 22 studies meeting our
inclusion criteria.7-28 Of these 22 studies, only one was a
randomized controlled trial, which is now suspended.28
The total number of patients in the pooled data was 7040,
of which 730 belonged to the emergency EVAR (eEVAR)
group. All included studies reported the 30-day mortality
of the two groups. Compared with open repair, eEVAR was
associated with a significant reduction in mortality (pooled
odds ratio 0.624; 95% confidence interval [CI] 0.518 to
0.752; P .0001) (Fig 1 and Table I). This equates to 38%
reduction in eEVAR group mortality compared with open
repair patients.30 There was no evidence of heterogeneity
(Cochran Q 15.449; P  .750). However, there was some
asymmetry of the funnel plot and the Egger test was posi-
tive, indicating bias (Egger test0.649; P .017). Due to
limited information available about patients demographics
and associated risk factors, meta-regression was not done,
which is usually required to identify the causes of bias and
heterogeneity. Observational studies usually have inherent
bias and an inherent heterogeneity. This may relate to
sample size heterogeneity, study design heterogeneity, or
inherent heterogeneity within the patient population.
The length of ICU stay was reported by 12 studies,
comprising 278 eEVAR and 546 open patients. The
eEVAR group had a significantly shorter ICU stay (pooled
effect size estimate 0.70; 95% CI 1.05 to 0.35 days;
P .0001) (Fig 2 and Table II). This means that 76% of the
open repair patients stayed longer than the average of the
eEVAR group.30 However, there was evidence of both
heterogeneity (Cochran Q 46.57; P  .0001) and bias
Table I. Mortality (n) % in eEVAR and open repair group
Study EVAR M
Ohki14 20
Van Sambeek23 6
Verhoeven16 16
Yilmaz17 24
Reichart24 6
Resch27 14
Lee13 13
Brandt8 11
Alsac7 17
Kapma11 40
Larzon12 5
Vaddineni15 9
Franks9 21
Greco10 290
Arya20 17
Peppelenbosch 200621 49
Dalainas22 20
Visser25 26
Coppi26 33
Hinchliffe28 15
Moore19 20
Acosta18 56
eEVAR, Emergency endovascular aneurysm repair.(Egger3.98; P .0085). The weighted mean differencein ITU stay was 4 days (95% CI  6.63 to 2.38; P 
.0001) in favor of eEVAR if studies which mention mean
ITU stay are used. In that case, Cochran Q test dose not
show any heterogeneity (1.06; P .79) and Egger test also
demonstrates absence of bias 0.93; P  .55). This shows
that although the difference in stay remains significant by
both types of analysis, however, heterogeneity and bias can
be reduced if uniform dataset is available.
The length of postoperative hospital stay was reported
by 14 studies (580 eEVAR, 6049 open). Treatment with
eEVAR was associated with a significant reduction in hos-
pital stay (pooled effect size estimate0.33; 95% CI0.50
to 0.16 days; P  .0001) (Fig 3 and Table III). This
means that 62% of the open repair patients stayed longer
than the average of the eEVAR group.30 There was no
evidence of heterogeneity (Cochran Q 21.12; P  .07) or
bias (Egger0.81; P .12). On utilizing data from studies
which mention mean hospital stay (rather than median) the
weighted mean difference was equal to8.58 days in favor
of eEVAR with 95% CI of 12.86 to 4.30; P  .0001.
There was no evidence of heterogeneity and bias.
Operative blood loss was reported by nine series (184
eEVAR, 380 open). EVAR was associated with a significant
reduction in blood loss (pooled effect size estimate 1.88
liters; 95% CI 2.49 to 1.27; P  .0001) (Fig 4 and
Table IV). There was significant heterogeneity (Cochran Q
51.91; P  .0001) and bias (Egger 4.94; P  .0032).
Twelve studies provided sufficient data on procedure
duration (279 eEVAR, 514 open). There was a significant
reduction in procedure time with eEVAR (pooled effect
size estimate0.65 hours; 95% CI0.95 to0.36 hours;
lity (n) % Open Mortality (n) %
10 5 0 (0)
0 6 (0) 0
6.2 31 (7) 22.5
16.6 40 (13) 32.5
16.6 13 (4) 30.7
28.5 23 (8) 34.7
7.69 4 (1) 25
0 13 (2) 15
23.5 20 (10) 50
12.5 213 (64) 30
40 26 (12) 46.1
22.2 15 (4) 26.6
9.5 23 (12) 52.1
) 39.3 5508 (2627) 47.6
23.5 34 (16) 47
34.6 51 (20) 39.2
40 8 (5) 62.5
30.7 29 (9) 31.0
30.3 91 (42) 46.1
53.3 17 (9) 52.9
5 36 (9) 25
33.9 106 (48) 45.2s
orta
(2)
(0)
(1)
(4)
(1)
(4)
(1)
(0)
(4)
(5)
(2)
(2)
(2)
(114
(4)
(17)
(8)
(8)
(10)
(8)
(1)
(19)P  .0001) (Fig 5 and Table V). There was evidence of
emon
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(Egger 0.34; P  .82).
DISCUSSION
Endovascular aneurysm repair has been embraced by
Fig 2. Forest plot comparing pooled effect size (95% co
repair group. The results favoring eEVAR appear on the
open repair appear on the right side. The pooled effect is d
Table II. ICU stay (in days with standard deviation [SD]/
Study EVAR ICU stay (days)
Van Sambeek23 0.33 (mean) 0
Yilmaz17 2.2 (mean)
Reichart24 2
Resch27 1 (median)
Alsac7 3 (median)
Brandt8 4.8 (mean)
Kapma11 0 (median)
Vaddineni15 5 (mean)
Arya20 1 (mean)
Franks9 1.5 (mean)
Peppelenbosch 200621 5.8 (mean)
Dalainas22 3.3 (mean) 1
Visser25 4.3 (mean)
Coppi26 2.6 (median)
Hinchliffe28 4 (median)
eEVAR, Emergency endovascular aneurysm repair; ICU, intensive care unimuch of the surgical community in elective setting because ofreduced mortality and morbidity. However, level 1 evidence is
lacking for its role in the management of emergency setting.
This has resulted from difficulty in organizing RCTs, which
stem from two problems. First, because eEVAR requires pre-
operative anatomical assessment by CT scanning, which de-
nce interval) of the ICU stay between eEVAR and open
ide of the solid central midline while odds ratio favoring
strated at the bottom with a bold line within a diamond.
e) for eEVAR and open repair group
range Open ICU stay (days) SD/range
(range) 2.58 (mean) 2.0-4.66 (range)
(range) 5.2 (mean) 1-50 (range)
(range) 13 2-40 (range)
(range) 3 (median) 2-70 (range)
13 (median)
(SD) 8.5 (mean) 6.7 (SD)
(range) 2 (median) 0-97 (range)
19.5 (mean)
(range) 5.5 (mean) 1-12 (range)
(SD) 6.1 (mean) 7.5 (SD)
(SD) 9.4 (mean) 14.6 (SD)
(range) 12 (mean) 2 to 31 (range)
(range) 11.7 (mean) 15 (range)
(range) 5 (median) 2-37 (range)
(IQR) 3 2-14 (IQR)nfide
left srang
SD/
-0.87
0-10
0-27
0-2.5
4.2
0-14
0-2
1.5
9.4
to 21
8.6
0-12
0-12lays the transfer of patient to the operating theater, random-
strate
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Second, the availability of suitable endografts and trained
personnel, especially during off hours, is also an issue for many
Fig 3. Forest plot comparing pooled effect size (95% con
repair group. The results favoring eEVAR appear on the lef
repair appear on the right side. The pooled effect is demon
Table III. Hospital stay (in days with standard deviation/
Study EVAR hospital stay (days)
Ohki14 6 (median)
Van Sambeek23 7.5 (mean)
Yilmaz17 15 (median)
Verhoeven16 6 (median)
Reichart24 8 (mean)
Alsac7 11.5 (median)
Brandt8 13.9 (mean)
Kapma11 5 (median)
Vaddineni15 19.5
Franks9 8.5 (mean)
Greco10 13.4 (mean)
Arya20 18 (median) 1
Peppelenbosch 200621 14.9
Dalainas22 9.3 (median)
Visser25 10.9
Hinchliffe28 10 (median)
Coppi26 13 (median)
eEVAR, Emergency endovascular aneurysm repair.smaller centers. Although several randomized controlled trialswere started few years ago, one of these was suspended after
randomizing 32 patients because of the logistical problems.
We are still waiting for the results of the second RCT.29 This
e interval) for the hospital stay between eEVAR and open
of the solid central midline while odds ratio favoring open
d at the bottom with a bold line within a diamond.
e) for eEVAR and open repair group
/range Open hospital stay (days) SD/range
0 (range) 19 (median) 7-37
6 (range) 15.5 (mean) 10-34 (range)
0 (range) 14 (median) 1-58 (range)
2 (range)
6 (range) 29 (mean) 9-121 (range)
20 (median)
.3 (SD) 19.1 (mean) 15.5 (SD)
2 (range) 12 (median) 1-102
27
.6 (SD) 17.5 (mean) 15.3 (SD)
7 (SD) 19 (mean) 24.52 (SD)
4 (range) 16.5 1-29.5 (range)
.4 (SD) 22.2 28.2 (SD)
2 (range) 14 (median) 7-62 (range)
.4 (SD) 26.7 28.3 (SD)
8 (range) 12 (median) 4-52 (range)
0 (range) 14 (median) 2-42 (range)fidenc
t siderang
SD
3-2
2-1
2-7
2-2
5-3
5
1-2
4
15.0
0.5-4
16
5-3
17
6-2
1-3meta-analysis is an attempt to use the historical data to assess
emon
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these issues can be addressed.
This meta-analysis appears to show that there is a
significant benefit to the patients undergoing eEVAR as
shown by the reduced mortality, hospital stay, ICU stay,
blood loss, and operative duration in this group. This
Fig 4. Forest plot comparing pooled effect size (95% con
repair group. The results favoring eEVAR appear on the
open repair appear on the right side. The pooled effect is d
Table IV. Blood loss (mls) for eEVAR and open repair gr
Study Blood loss EVAR (milliliters) SD/
Ohki14 400 (median) 100-200
Van Sambeek23 125
Verhoeven16 250 (median) 100-280
Yilmaz17 660 (median) 100-130
Reichart24 300 (median) 200-200
Resch27 800(median) 400-135
Kapma11 200 (median) 50-280
Vaddineni15 475
Arya20 1.2 (h) 0.7-1.6
Dalainas22 205 (median) 100-120
Visser25 100 (median) 100-30,0
Hinchliffe28 200 (median) 163-450
eEVAR, Emergency endovascular aneurysm repair.probably results from the decreased physiological stress ofEVAR. Syk31 and Boyle32 have shown smaller increases in
the cytokine levels after endovascular repair of aneurysm
compared with the open repair. Adverse effects on cardiac,
respiratory, gastrointestinal, and renal systems are well doc-
umented after open aneurysm repair. The attenuation of
the inflammatory response by eEVAR may prove beneficial
ce interval) for the blood loss between eEVAR and open
ide of the solid central midline while odds ratio favoring
strated at the bottom with a bold line within a diamond.
Blood loss open (milliliters) SD/range
2000 (median) 600-12,000
3400
3550 (median) 300-12,000
nge) 4500 (median) 500-14,000 (range)
R) 4000 (median) 2500-6300 (IQR)
3500 (median) 200-26,000
2880
5.5 (h) 2 to 13
4790 (median) 800-12,500
6750 (median) 100-31,000
2100 (median) 1150-3985fiden
left soup
range
0
0
0
0 (ra
9 (IQ
0
0
00in critically ill patients with ruptured aneurysms.
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organ failure, ie, the greater the blood loss, the higher the
risk of multiorgan failure. We found that eEVAR was
associated with a significant reduction in blood loss, which
Fig 5. Forest plot comparing pooled effect size (95% co
and open repair group. The results favoring eEVAR appe
favoring open repair appear on the right side. The pooled
a diamond.
Table V. Procedure duration (minutes) for eEVAR and o
Study Procedure EVAR (min)
Ohki14 5.6 (median) 2
Van Sambeek23 193 (median) 1
Verhoeven16 110 (median)
Yilmaz17 173 (median)
Reichart24 163 (median) 1
Kapma11 110 (median)
Vaddineni15 143
Alsac7 156 (mean)
Franks9 156
Peppelenbosch 200621 173
Dalainas22 110 (median)
Visser25 149 (median)
Hinchliffe28 160 (median) 1
Coppi26 133 (median)
eEVAR, Emergency endovascular aneurysm repair.may go some way to account for the decreased 30-daymortality (38% reduction). Peppelenbosch et al33 showed
that though statistically insignificant, there was a decrease
in mortality by 20% in patients undergoing repair in emer-
gency setting following intention to treat policy with endo-
ce interval) for the procedure duration between eEVAR
the left side of the solid central midline while odds ratio
ct is demonstrated at the bottom with a bold line within
epair group
/range Procedure open (min) SD/range
4 8.2 (median) 6-9.5
65 203 (median) 130-270
40
85 237 (median) 110-300
00 (range) 132 (median) 80-280 (range)
40 180 (median) 30-375
181
(SD) 222 (mean) 82 (SD)
186 54
177 54
80 173 (median) 90-300
00 232 (median) 40-434
34 150 (median) 141-204
10 178 (median) 60-600nfiden
ar on
effepen r
SD
.6-1
50-2
75-2
60-3
20-2
55-2
60
36
60
35-1
79-4
50-2
60-5vascular repair.18 However, later results from their multi-
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was 35% in the eEVAR category, 39% in patients with open
repair, and 37% overall.21 The Belfast group34 have shown
mortality benefit similar to Eindhoven group’s earlier re-
sults using this policy. The only published randomized
controlled trial28 failed to show statistically significant ben-
efit in terms of mortality in eEVAR patients. However, it
has to be kept in mind that these trials included symptom-
atic nonruptured AAAs, and this may hamper interpreta-
tion of the results. Also, the published pilot results from
Nottingham group were underpowered28 and, hence, def-
inite conclusions cannot be made.
All these factors account for some of the heterogeneity
in our analysis. Variable sample sizes in different studies,
different study designs, and differences in the characteristics
of patient in both groups are other responsible factors for
associated heterogeneity and bias. Other than the inherent
bias, most of the published case series also suffer from
publication bias, ie, those results are unlikely to be pub-
lished, which are either negative and are considered insig-
nificant. Unfortunately, this aspect is the most difficult to
be quantified. Similarly, because of the lack of uniformity of
the reported data in a large number of case series/observa-
tional studies, meta-regression is also difficult to perform.
But a pooled data analysis in such a difficult situation does,
however, provide a feel of the results and the associated
difficulties in actual clinical practice. It does not undermine
the significance of RCTs but further reiterates their signif-
icance as the only way of overcoming these difficulties.
Here it should also be kept in mind that although
apparently most of the patients in this pooled data analysis
come from Greco’s study it does appear that Greco’s study
will overshadow and influence all other studies and hence
final results, but if we look at the outcomes, Greco’s study
only gives us figures about mortality and total hospital stay.
Hence, rest of the outcomes such as ITU stay and blood,
loss do not get influence from Greco’s study, and his study
did not provide data for these outcomes. Second, by ex-
cluding Greco et al’s10 data from mortality and hospital
stay, the results still favor the eEVAR group. Hence, it is
not correct to say that results have been biased by Greco’s
study as they remain the same even after excluding it.
Endovascular stenting does require some preoperative
imaging and for the majority of centers, this will be CT
scanning. A minority of patients with ruptured AAAs are so
unstable that they require immediate transfer to the oper-
ating theatre. Thus, patients having eEVAR tend to be
more hemodynamically stable compared with open group.
This is based on our experience (unpublished) and sup-
ported by included observational studies. Hence, critically
speaking, they are two different groups of patients, those in
eEVAR group being relatively selected, although the ma-
jority of ruptured AAAs is stable enough to scan.
The heterogeneity among patients also results from
difference in their aneurysm morphologies in both groups.
Comprehensive anatomical knowledge of the abdominal
aorta and its main collateral side branches, including varia-
tions, is a fundamental prerequisite if satisfactory and pre-dictable results are to be achieved after eEVAR,35 especially
regarding prevention, diagnosis, and treatment of en-
doleaks. In the elective setting, an ideal AAA would have a
neck length of at least 15 mm, diameter of less than 30 mm,
and an angulation of less than 60 degrees. However, in the
ruptured AAA, it is often necessary to treat AAAs with less
ideal characteristics.
It is not only the infrarenal section that requires atten-
tion but tortuous and narrow iliac arteries can prove Achil-
les heel of endovascular procedure. The advent of newer
more flexible endografts may help overcome these prob-
lems that were faced by Nottingham group who used first
generation stent grafts.36 The Eindhoven Group, using
second-generation devices exclusively were able to satisfac-
torily deploy endovascular stent grafts using only neck and
iliac dimensions.33
Today, the choice lies between aorto-uniiliac and bifur-
cated stent grafts. The later are more anatomical and avoid
the need for femoro-femoral crossover grafting. However,
Gwenda and colleagues37 have shown that using aorto-
uniiliac graft system results in a significant reduction in aneu-
rysm sac pressure. This is in accordance with Chuter38 and
Treharne’s39 findings who used aorto-uniiliac stents for
aneurysm exclusion. Treharne showed markedly decreased
sac pressure demonstrated by the decline in the radial artery-
to-sac pressure gradient from 123 to 57 mm Hg. This data
was broadly comparable with the results obtained by
Chuter et al who reported a fall in the radial-to-aneurysm
pressure differential from 119 to 37 mm Hg following
endovascular aneurysm repair. Moreover, monoiliac grafts
enable exclusion of a contralateral common iliac aneurysm
and are quick and easy to deploy and learning curve to use
them is not steep. Thus, the advantages of aorto-monoiliac
devices appear to be well suited to the management of
ruptured aneurysms. They can be quickly deployed under a
variety of anatomic circumstances, thus, reducing the shelf
inventory of endografts at the thousands of hospitals in
which emergent procedures may be necessary.
For radiological assessment, contrast enhanced CT-
scan remains the investigation of choice for assessing the
aneurysms in elective and emergency setting as reported by
all the included studies. Willmann et al established the use
of 3D reconstructions from spiral CT scan as a reliable
technique to assess feasibility of endovascular repair in
patients with ruptured aortic aneurysm who are hemody-
namically stable.40 Lloyd et al,41 Walker et al,42 and Arya34
have shown many patients who had ruptured aneurysm
were stable enough to undergo CT scan and assessment for
endovascular repair. In Lloyd’s group, which included all
those patients who did not undergo surgery because of
advanced age and or comorbidities, the median interval
between admission and death was 10 hours 45 minutes
(range, 1 hour 1 minute to 143 hours 55 minutes). The
median total time to death from onset of symptoms was 16
hours 38 minutes (range, 2 hours 6 minutes to 146 hours
50 minutes). More than 87% patients were in the group
who died after 2 hours. Walker, however, reported a mean
interval of 8 hours between admission and death. This data
JOURNAL OF VASCULAR SURGERY
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able to have a CT scan before operation. Alternative radio-
logical investigations like magnetic resonance angiography
and intravenous ultrasound have been used in elective
settings but still await assessment in emergency cases. Dig-
ital subtraction angiography, however, can prove quite
beneficial giving information about aneurysm morphology
and deployment of suitable stent at the same time as used
by Montefiore14 and Malmo27 group.
CONCLUSION
This meta-analysis suggests benefits to the selected
group of patients undergoing this minimally invasive pro-
cedure. There is a reduction in the high mortality, pro-
longed intensive care requirement, and total hospital stay,
which are historically associated with open repair. How-
ever, due to heterogeneity and associated bias these results
should be interpreted with caution. Though a large multi-
center randomized controlled trial is the only definite way
of establishing the efficacy of eEVAR, we have seen that it is
not easily practicable.28,29 One alternative approach would
be to look at the effect on overall mortality of the prefer-
ential use of EVAR in the emergency setting. All patients
presenting with ruptured AAAs would be included and
randomized at their initial presentation. One group would
be conventionally managed with open surgery and the
second group preferentially treated with eEVAR where
possible. This would allow us to assess the potential benefit
of adding eEVAR into a program for the management of
ruptured AAA. In addition, eEVAR maybe used to treat
patients who are not fit for conventional repair of their
ruptured AAA. Asking whether eEVAR is better than open
repair in this setting maybe the wrong question.
We thank the authors of the studies included in the
meta-analysis for sharing their research databases regarding
unpublished information.
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